To evaluate the characteristics, trend, and quality of systematic reviews and meta-analyses in nuclear medicine.
Introduction
A systematic review is a strong scientific methodology that can provide evidence-based summary when results of individual relevant studies regarding a particular research topic are inconclusive. A meta-analysis is part of the systematic review, and the former applies statistical methods to synthesize the data from multiple relevant studies to provide a summary estimate. [1, 2] Recently, the need for systematic reviews and meta-analyses in all fields of research, including the field of diagnostic testing, has increased in proportion to the significant increase in the number of published primary scientific research articles and the importance of evidence-based medicine. [1] [2] [3] Appropriately conducted systematic reviews and meta-analyses are essential to ensure transparency, complete reporting of data, and minimization of bias. There are some assessment tools that can assess the quality of systematic reviews and meta-analyses, such as a measurement tool to assess systematic reviews (AMSTAR).
field. In addition, the analysis is important in guiding the direction of the specific research field. [3] [4] [5] Recently, technological advancements that include hybrid imaging and new radiopharmaceuticals have allowed the growth of application of nuclear medicine procedures. [6] Previous bibliometric analyses have shown that the number of publications in the field of nuclear medicine has grown rapidly over last decade in proportion to continued growth of the clinical importance of nuclear medicine. [7, 8] However, no bibliometric analysis has been performed to investigate the quality and the trend of systematic reviews and meta-analyses in the field of nuclear medicine.
Therefore, the purpose of this study was to assess the quality and evaluate the trend and characteristics of systematic reviews and meta-analyses in the field of nuclear medicine over the last decade or more (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) ).
Methods
Our study was a retrospective bibliometric analysis that did not involve human subjects, and approval was not required from our institutional review board.
Search strategy
We searched the National Library of Medicine's PubMed database for articles that were published between January 2005 and December 2016 to identify systematic reviews and meta-analyses in the field of nuclear medicine. We used the following previously reported search filters: ("diagnostic test accuracy" or dta [tiab] or sensitivity) and (specificity [mh] or specificit * [tw] or "false negative" [tw] or accuracy [tw] ). [9] We searched the journals that were included in the 2016 ranking by Clarivate Analytics. The articles published in journals that were not indexed in the science citation index (SCI)/science citation index expanded (SCIE) were excluded from the analysis. The search was restricted to articles in radiology, nuclear medicine, and medical imaging as defined by Clarivate Analytics.
We excluded articles that were not related to nuclear medicine based on their titles and abstracts. Full-text articles were independently reviewed by 2 reviewers (JHK and JUH). The disagreement between the 2 reviewers was resolved through a discussion with a third reviewer (KHL). After review of full texts, we also excluded original research, review articles, and guidelines.
Data extraction
The aforementioned 2 reviewers extracted the following information from all articles: journal of publication, impact factor (IF), type of study (systematic review or meta-analysis), year of publication, topics (oncology, such as various types of primary, metastatic cancers, including primary unknown cancers [breast, central nervous system, gynecologic, head and neck, hematologic, liver, lung, pancreatic, prostate, stomach, colorectal/anal/rectal, and others], cardiovascular diseases, inflammation/infection, such as various infections and inflammatory responses, autoimmune diseases, and fever of unknown origin, endocrinology, neurology, and radiopharmaceuticals [tracers]), imaging modalities (positron emission tomography [PET] , including PET alone, PET-CT, and PET-MR, single-photon emission computed tomography [SPECT], and scintigraphy), and tracers (2-fluoro-2-deoxy-D-glucose [FDG] and others [including the use of multiple tracers]). In addition, 2 reviewers recorded the number of authors (<4, 4-7, or >7), Affiliation Department of the first and corresponding authors (nuclear medicine, radiology, medicine or surgery, statistics, or others), presence of a nuclear medicine specialist and a statistician among the authors, discordance between the first and corresponding authors, source of funding, country of origin of the first author, methodological quality, methods of quality assessment, methods of statistical analysis (univariate, bivariate, summary receiver operating characteristic [SROC] curve, or hierarchical summary ROC [HSROC] curve analysis or a combination of these methods), meta-analysis outcome, and the reasons that a meta-analysis was not performed in a systematic review article.
If an epidemiologist was included among the authors, he or she was reported as if from department of statistics. If the first author was affiliated with more than 1 country, the study's country of origin was determined by checking the corresponding author's country of origin.
The major guidelines for the systematic reviews and metaanalyses were from the preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement, which was published in 2009. [10] The time periods before and after 2009 were called the first and second periods. To evaluate the recent trends, the second period was divided into 2 even periods: 
Quality assessment of methodology
The 2 investigators (JHK and JUH) used the AMSTAR checklist to evaluate the quality of the systematic reviews and metaanalyses All articles that were included were assessed, and a response to each question was recorded as "yes," "no," "cannot answer," or "not applicable." If the answer to a given question was "yes" or "not applicable," a point was assigned to that response; the total score for all 11 questions was 11 points. The response to items 9 and 10 of the AMSTAR checklist for the systematic review was "not applicable" and was assigned a point. In addition, if the response for item 7 was "no," a response of "yes" was not given for item 8. The 2 reviewers discussed the first 10 papers to identify the differences in their scoring methods before all the articles were reviewed. Any disagreements were discussed in a consensus meeting until a consensus was reached. In addition, the score for item 4 has been observed to be very low in previous studies.
[ [2] [3] [4] If an article was not assigned a point on item 4, we investigated for the reason. We divided the reasons into 5 categories: language restriction, exclusion of small-sized studies, exclusion of conference papers, exclusion of low-quality articles based on the results of quality assessment, and other reasons. An article could have more than 1 reason.
Data analysis
The studies were divided into 3 groups based on the period 
Results

Results of search
A total of 10,710 articles that were meta-analyses or systematic reviews in the field of diagnostic test accuracy that were published between 2005 and 2016 were retrieved from the PubMed database. Among these articles, 1071 articles were published in radiology, nuclear medicine, and medical imaging journals that were indexed by Clarivate Analytics and had a 2016 ranking. After a review of the titles and abstracts, it was determined that only 260 articles were related to nuclear medicine. Seventy-five articles were excluded after a full-text review: 52 review articles, 15 original research articles, 1 guideline, 1 case report, and 6 editorials. Finally, 185 articles were included and assessed in the present study (Fig. 1) .
Assessment of the included 185 articles showed that the Nuclear Medicine Communications (IF = 1.472) was the most commonly used journal (29/185; 15.68%), followed by the European Journal of Nuclear Medicine and Molecular Imaging (20/185; 10.81%; IF = 7.277), the Journal of Nuclear Medicine (18/185; 9.73%; IF = 6.646), and others (Table 1) .
Characteristics and trend of articles
The characteristics of the included papers are presented in Table 2 . During the review period, meta-analyses (n = 164; 88.6%) were published about 8 times more frequently than systematic reviews were (n = 21; 11.7%).
Most studies were on the oncology topic (n = 126; 68.1%). Among them, the number of studies on prostate cancers increased significantly during each period (P = .29).
PET imaging (PET alone, PET-CT, or PET-MR) was the most commonly used imaging modality in research (n = 150; 81.1%), followed at a distance by scintigraphy (n = 37; 17.6%), and SPECT (n = 30; 16.2%). The most commonly used radiotracer for PET was FDG (n = 134; 89.3%).
The number of authors tended to increase over the review period; however, this change was not statistically significant. On the other hand, the proportion of discordance between the first and corresponding authors increased significantly (P = .028). Most of both the first (n = 96, 51.9%) and the corresponding (n = 96; 51.9%) authors were affiliated with the department of nuclear medicine, followed by the department of medicine or Figure 1 . Results of the search: In our PubMed search, we identified 10,710 meta-analysis and systematic review articles. Finally, 185 articles were included and were assessed in terms of their characteristics, trend, and quality. surgery. The proportion of first and corresponding authors affiliated with the department of nuclear medicine and medicine or surgery increased over the review period, but the change was not statistically significant. The proportion of articles that had a nuclear medicine specialist among the authors was more than half (n = 131; 70.8%).
On the other hand, the proportion of articles that had a statistician among the authors decreased significantly over the review period (P = .003).
The country where most first authors lived was China, followed by the Netherlands, the United States, and others. Furthermore, the proportion of articles coming from China increased significantly over the review period (P = .003); the proportion of articles coming to the remaining 23 countries did not significantly change during the review period (Table 3 ).
Quality assessment
The agreement between the 2 investigators on the assessment of the AMSTAR score was moderate based on the kappa score (k = 0.670). The mean ± standard deviation score of the AMSTAR assessment was 5.77 ± 1.75 in 2005 to 2008, 6.71 ± 1.44 in 2009 to 2012, and 7.44 ± 1.61 in 2013 to 2016; and the score was increased significantly at each period (P < .001) ( Table 4) . And we present the list of all 185 articles and the AMSTAR score of each article in Appendix A, http://links.lww.com/MD/C1000.
The mean AMSTAR score of each journal that had more than 4 publications is shown in Figure 2 . The highest mean AMSTAR score was 7.6 for the European Radiology, followed by 7.5 for Item 4 (Was the status of publication [eg, grey literature] used as an inclusion criterion?) and item 5 (Was a list of studies [included and excluded] provided?) had the lowest score (the percentage of "yes" or "not applicable" answers). Although the scores for item 4 tended to decrease over the review period, the scores for the other 10 items tended to increase gradually (Fig. 3) .
Among . Exclusion of small-sized studies was most common (61.3%) for this observation, followed by language restriction (56.1%), exclusion of conference papers (29.7%), other reasons (4.5%), and exclusion of low-quality articles (3.2%). Analysis of items 6 and 7 in the AMSTAR showed that various methodologies were used to evaluate the quality of meta-analyses and systematic reviews (Table 4) . Articles in which quality assessment was performed increased in over the review period, but the change was not statistically significant. Quality assessment of diagnostic accuracy studies (QUADAS) and QUADAS-2 were the most commonly used methods to perform quality assessment among the 153 articles that were evaluated in the present study: 84 (54.9%) and 32 (20.9%) articles, respectively, used these methodologies for quality evaluation. The ratio of articles using QUADAS-2 significantly increased throughout the review period (P < .001). Hong
com
The ratio and number of articles using the authors' own criteria significantly decreased throughout the review period.
Various statistical methods were used in the meta-analyses to evaluate item 9 of the AMSTAR (were the methods used to combine the findings of studies appropriate?). Among the 164 meta-analyses that were evaluated in the present study, 126 used univariate analysis only or univariate and SROC curve analysis (Table 4) . Bivariate analysis, HSROC analysis, or both methods were used in the remaining 38 articles. During each period, the proportion of the articles in which a bivariate model was used increased slightly, but the change was not statistically significant.
The most commonly using meta-analysis outcome was DTA (n = 151; 92.1%); other outcomes that were used were odds ratio, hazard ratio, risk ratio, and prevalence.
There were 21 systematic review articles in which data pooling was not performed in the present study: 11 articles mentioned the reason, but 10 (47.6%) articles did not mention the reason.
Discussion
Systematic reviews that include meta-analyses are considered to be the highest level of evidence because of the summarization of the included primary studies; these reviews are increasingly used for not only evidence-based decision making in therapeutic/ interventional studies but also generalization of diagnostic accuracy tests in the field of imaging research. As the importance of evidence-based medicine has increased in recent years, the need for systematic reviews in the field of nuclear medicine has also increased. Previous studies had reported that there was a Data are number of articles with percentages in the parentheses. AMSTAR = a measurement tool to assess systematic reviews, HSROC = hierarchical summary receiver operating characteristic, OCEBM = Oxford Centre for evidence-based medicine level of evidence: diagnostic domain, QUADAS = quality assessment of diagnostic accuracy studies, SROC = summary receiver operating characteristic. * Statistically significant increase. † Mean ± standard deviation. ‡ Includes only 153 articles in which quality assessment was performed.
x Statistically significant decrease.
¶ Includes only 164 articles in which meta-analysis was performed. jj Includes only 21 articles in which a systematic review was performed. Figure 2 . The total AMSTAR score in the included nuclear medicine journals that published more than 4 articles: the European Radiology had the highest mean AMSTAR score (7.6), whereas the American Journal of Roentgenology had the lowest (4.25). AMSTAR = a measurement tool to assess systematic reviews. considerable growth in the number of published systematic reviews and meta-analyses regarding diagnostic test accuracy, [3] and similar observations have been made in the field of nuclear medicine, especially with regard to PET and PET/CT imaging in oncology. [11, 12] Bibliometric analysis is a method that evaluates published articles in a specific field over a certain period of time; thus, this methodology enables one to understand the trend and characteristics of the published articles in a specific field. [3, 5] We performed a bibliometric analysis of systematic reviews and meta-analyses published in general radiology journals and found that a significant number of systematic reviews in the field of nuclear medicine has already been published. [3] However, to the best of our knowledge, there was no bibliometric research focusing on the field of nuclear medicine on the same topic.
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The absolute number of systematic reviews and meta-analyses in the field of nuclear medicine has increased in the past 12 years. The reason for the increase in the number of these studies in this field is thought to be the increase in the importance of the evidence-based medicine. Many studies have reported that the importance of evidence-based medicine has increased, and the number of meta-analyses and systematic reviews have also increased not only in the field of clinical medicine [13] [14] [15] but also in radiology. [3] We found that there is a similar tendency in the field of nuclear medicine.
Oncology was found to be the most productive field in the present study (68.1%; 126/185) although this observation was not statistically significant. Nuclear medicine procedures can demonstrate various metabolic and biochemical processes; therefore, these procedures play incremental roles in the diagnosis of a number of tumors. [16] The most common imaging modality in this study was PET (n = 150, 81.1%). The introduction of PET-CT scanners that use various tracers has contributed to better detection of malignant tumors and better acquisition of additional information about the biochemical behavior of various tumors. [16] A previous bibliometric study on PET demonstrated that the number of published research articles had increased rapidly. [8] The results reflect the increased clinical application of PET and the increased author's interest in nuclear imaging. The most commonly used tracer in PET imaging in the present study was FDG (n = 134; 89.3%). The use of FDG and other radiotracers increased during review period, but this change was not statistically significant.
Within the oncology topic, the proportion of studies focusing on prostate cancer increased significantly. The role of nuclear medicine methods in the evaluation of prostate cancer has increased due to the introduction of new hybrid devices, such as PET/CT and PET/MR and the development of new PET tracers, such as 11 C-choline, 18 F-choline, and 68 Ga-prostate specific membrane antigen. [6, 17, 18] The present study demonstrated that most of the articles had had 4 to 7 authors (68.6%; 127/185). The absolute number and proportions of articles with more than 4 authors increased during the review period; however, the difference was not statistically significant. In addition, we discovered that the discordance between first and corresponding author increased significantly during the review period. These results were similar to the results in previous studies on the number of authors. [3, 5, 19, 20] The sustained increase in the number of authors for scientific article in the field of diagnostic test accuracy may reflect the complexity of the study designs and the need for collaborative efforts in present research.
The proportion of first and corresponding authors with affiliation to nuclear medicine departments was 51.9%; conversely, 48.1% of first and corresponding authors were not affiliated with nuclear medicine departments in the present study. Various researchers in non-nuclear medicine fields have performed systematic reviews and meta-analyses in nuclear medicine-related research. In addition, more than a quarter of articles (29.2%; 54/185) did not include nuclear medicine specialists among the authors. These observations may reflect the growing interest in nuclear medicine and an increased trend of multidisciplinary research. [3, 19] The great interest of clinicians in nuclear medicine research may be attributed to the significant impact of nuclear medicine on clinical management that is a result of the advancements in nuclear medicine modalities and various radiopharmaceuticals
The proportion of statisticians as both first and corresponding authors significantly decreased over the review period. In addition, the proportion and absolute number of articles that did not include a statistician among the authors increased although the increase was not statistically significant. These results may reflect the fact that many clinicians have become familiar with systematic reviews and meta-analyses with the trend of recent promotion of evidence-based medicine.
In our study, China was the country with the greatest number of authors who published systematic reviews and meta-analyses in the field of nuclear medicine (39.5%; 73 of 185). China was the only country where the proportion of main authors of the article increased over the review period. Previous studies have also reported that the annual number of meta-analyses that were published from China increased 40-to 200-fold over about a decade. [21, 22] Park et al reported a similar trend in publications in general radiology journals during a similar period. [3] Previous researchers gave an explanation of this geometric increase:
(1) meta-analyses are relatively cost-effective and less timeconsuming compared with clinical research because they do not involve designing and execution of the actual research projects and (2) there is academic pressure for professional promotion. [21, 22] Systematic reviews and meta-analyses are excellent forms of studies that provide a great level of evidence provided that strict adherence to appropriate methodology was achieved. [1, 2, 4] In addition, a significant increase in the number of published systematic reviews does not necessarily guarantee the improvement in the methodological quality. [23] There are many challenges to the validity of systematic reviews and meta-analyses, such as systematic and transparent conduct and reporting, poor methodological quality of the included studies, risk of random errors, unrecognized and unaccounted statistical and clinical heterogeneity, data dredging in non-predefined statistical analyses, and lack of assessment of the overall quality of evidence. [23] Inconsistent or poor methodological quality of systematic reviews and metaanalyses that have been published in several disciplines of the medical field has been noted. [24] [25] [26] [27] [28] [29] Thus, several tools have been developed for quality assessment of systematic reviews and metaanalyses, including AMSTAR, meta-analysis of observational studies in epidemiology, and the PRISMA statement, although they have some limitations. [3, 23, 30] We chose AMSTAR for evaluation of methodological quality in this study. The other 2 tools were for appraising systematic reviews and meta-analyses rather than for quality assessments. [3, 30] However, AMSTAR has a flaw in that it depends on the reporting quality rather than on the methodological quality. [31] Although new tools, such as the revised AMSTAR and AMSTAR-2, have been developed to overcome the drawback of the original tool, [32, 33] they have not yet been sufficiently validated. [34, 35] AMSTAR has been previously validated as an assessment tool and still remains the major means for the assessment of systematic reviews because of its simplicity. [30, 34, 35] In addition, AMSTAR has high inter-rater reliability. [3, 4, 30, 36] In the present study, the interobserver agreement between the 2 investigators was moderate (k = 0.670) using AMSTAR.
In our study, the mean AMSTAR score was significantly increased during each period. These results mean there was modest improvement in the study quality. As researchers become accustomed to the performance of systematic reviews and metaanalyses and the use of guidelines and assessment tools, they may become more organized, concise, and reliable in research design. Several previous studies have shown results similar to ours in the field of diagnostic test accuracy in radiology. [3, 30] Scores for all items, except item 4, gradually increased during the review period; especially item 1, 3, 6, 9 had more than 90% compliance in last study period 2013 to 2016. However, item 4 and 5 had very low scores, with less than 20% compliance, similar to previous studies in the field of radiology. [3, 30] Searching for grey literature on item 4 can be challenging in systematic reviews on imaging that include both nuclear imaging and radiological imaging, and the lack of literature can cause an important deficit in obtained representative sample for performance of an appropriate study. Our study showed that the most common factors related to this deficit were the exclusion of small-sized studies and language restriction. Inclusion or exclusion of smallsized studies was related to publication bias and a small-study effect that can often distort the results. Several guidelines, including one on the use of AMSTAR, have suggested that the small-study effect should be always assessed to reduce this bias. [37] In addition, it has been recommended that authors should consider the impact of language restriction, especially if the studies on the specific topic are likely to have been performed using various language although the effect of language restriction has been reported to be small. However, authors who want to restrict language should clearly cite the excluded studies. [2, 38] Although systematic reviews start with a search of the bibliographic database using many peer-reviewed scientific studies, internet searches have increased as an additional source of grey literature, which produce more comprehensive and applicable outcomes of scientific research but result in controversies regarding scientific reproducibility. [39, 40] Our results seem to reveal the trend that the internet is not yet widely used for accessing grey literature in the field of nuclear medicine. Item 5 was related to the provision of a list of included and excluded studies. In the present study, the score for this item was a result of a problem that most researchers did not strictly report the excluded studies. In another words, the existence of items 4 and 5 with low scores meant that there is potential for quality improvement if researchers would follow a guideline.
Assessment of risk of bias is an essential part of systematic reviews and meta-analyses to reduce the probability of systematic errors. [2] There are several methods for quality assessment. [2, 3] In our study, the most commonly used quality assessment tool was QUADAS and QUADAS-2. For studies of diagnostic test accuracy, QUADAS-2 was developed from the original form, QUADAS; QUADAS-2 is known as a tool of a choice. [41] The ratio of articles using QUADAS-2 significantly increased, especially in the third period, because QUADAS-2 method was published in 2011. The ratio and numbers of articles using own criteria significantly decreased throughout the review period; this observed tendency was because QUADAS and QUADAS-2 methods have become standard tools for quality assessment. In addition, the proportion of studies without quality appraisal decreased although this change was not statistically significant: 76.9% in 2005 to 2008 and 84.0% in 2013 to 2016.
In the process of data summarization, there are traditional statistical methods, such as SROC curve, univariate analysis, and newly developed bivariate methods that include the HSROC curve method and the bivariate analysis. [9, 42] Newly developed methods are recommended for researchers because traditional methods can give a false impression of the accuracy of diagnostic tests due to ignorance of threshold effects; in addition, a correlation between sensitivity and specificity in the univariate model can also overestimate diagnostic accuracy and produce a narrower confidence interval. [2, 3, 42] In a previous study performed in a radiology field, it was observed that the use of HSROC or bivariate methods had gradually increased, although univariate and SROC analyses were still used in more than half of the meta-analysis articles. [3] The present study also showed that more than 3 quarters of the included studies used traditional statistical methods. Despite the superiority of newly developed methods, SROC model and univariate methods are still the mainstay of statistical methods that are used in the meta-analyses. However, the proportion of articles in which bivariate and HSROC were used, increased over the review period although the increase was not statistically significant.
In this study, the diagnostic test accuracy was most commonly reported outcome in the meta-analyses (92.1%). We used the search filters that focused on diagnostic test accuracy for identifying relevant studies. [9] Therefore, this result was expected. In addition, the present study included meta-analyses that used other outcomes, such as odds ratio, hazard ratio, and prevalence; this is in contrast to what was performed in a previous study using the same filter in the field of general radiology whereby the only outcome for all included studies was diagnostic test accuracy. [3] This result may reflect the fact that nuclear medicine research plays an important role in improving diagnostic test accuracy, and it is also used in clinical practice, including in the performance of therapeutic procedures.
Our study had several limitations. First, we searched only the PubMed database to identify relevant articles. Moreover, only journals within radiology, nuclear medicine, and medical imaging as defined by Clarivate Analytics were evaluated. Non-imaging journals were excluded. Although article screening was performed in a standard way, which was used in previous studies, [3, 9] there is potential for a bias. The included journals may have represented only a fraction of the total world literature on nuclear medicine. In addition, the inclusion of only SCI-or SCI-E-indexed journals may have led to the overestimation of the methodological quality. However, the purpose of this study was not to retrieve all nuclear medicine systematic reviews but to explore a large representative sample for a broad audience in the field of nuclear medicine. In addition, by limiting the number of studies that qualified for this study, we think that we obtained credible results by excluding poorly conducted and biased studies. Second, there was a possibility that there was subjectivity in the assessment by using AMSTAR because each question could not be equally assessed in all included studies that had indeterminate and unclear results. Thus, we performed a duplicate quality assessment to minimize disagreements, and the results show that there was a consensus in www.md-journal.com the assessment. Finally, it can be argued that the overall score from separate AMSTAR items was used in this study. However, previous studies have frequently used the total AMSTAR score to evaluate and compare the methodological quality of systematic reviews due to the ease of using AMSTAR and its simplicity, despite its flaws. [3, 4, 26, 30] In addition, we showed the trend of each item of the AMSTAR in Figure 3 . Furthermore, if recently developed tools -such as the revised AMSTAR and AMSTAR 2 -are further validated, future investigation using these tools can enable assessment of the methodological quality of systematic reviews.
Conclusions
The present study revealed that there was a modest increment in the number and improvement in the quality of systematic reviews and meta-analyses in the field of nuclear medicine over the 12-year review period based on the bibliometric analysis. In addition, we confirmed that there is a possibility of improvement in quality in specific areas of weakness with respect to study methodologies.
